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Symbol | Equivalent 





angstrom 10~*° meter 
annum, year 
billion electron volts GeV 
i 3.7 X10" dps 
centimeter(s) 0.394 inch 
counts per minute 
disintegrations per minute 
disintegrations per second 
electron volt 1.6X10-" ergs 
gram(s) 
iga electron volts 1.6 X 107 ergs 
ilogram(s) 1,000 g = 2.205 Ib. 
square kilometer(s) 
kilovolt peak 
cubic meter(s) 
milliampere(s) 
millicuries per square mile__-__| 0.386 nCi/m? (mCi/km*) 
million ie electron volts..| 1.6 10~ ergs 
~ 

square mile(s) 
milliliter(s) 
millimeter(s) 
nanocuries per square meter___| 2.59 mCi/mi? 
picocurie(s) 10-” curie = 2.22 dpm 
roentgen 
unit of absorbed radiation 

dose 100 ergs/g 
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Reports 


A Joint X-ray Radiation Survey in Puerto Rico, 1968 


Michael Gileadi 


The objectives, scope, and methods used in the 1968 Joint Radiation Survey 
Project, sponsored jointly by the Puerto Rico Nuclear Center and by the 
Department of Health of the Commonwealth of Puerto Rico, are described. 
The most significant results concerning the western and southern regions of 
the island are presented. Most of the three quantifiers (mean gonadal dose, 
per capita per annum gonadal dose, and genetically significant dose) were 
smaller in the southern region than those in the western region. 


Cognizant of the potential health hazards as- 
sociated with x-ray exposure, a survey was 
initiated in Puerto Rico in 1968, to find methods 
to minimize diagnostic x-ray exposures without 
interfering with the diagnostic information re- 
quired. The survey was sponsored jointly by the 
Department of Health of the Commonwealth 
of Puerto Rico and the Puerto Rico Nuclear 
Center. 

The primary objective of the project was to 
evaluate the dose to the patient due to uninten- 
tional irradiation of the gonads during abdominal 
and thoracic diagnostic x-ray examinations. Based 
on the results of the study, recommendations, 
compatible with the diagnostic information re- 
quired, may be made to the owner or operator 
of the machine to reduce the hazards to a mini- 
mum. 

Among the several indices designed to char- 
acterize the dose to the patient, the following 
were used in this survey: 


1. Mean gonadal dose per diagnostic x-ray 
examination considered, 

2. Per capita per annum gonadal dose due to 
the diagnostic x-ray examination considered, 
and 


1 Mr. Michael Gileadi is a senior associate with the Puerto 
Rico Nuclear Center and in charge of the Joint Radiation 
Survey Project. His present address is the Puerto Rico 
Nuclear Center, College Station, Mayaguez, Puerto Rico 
00708. 
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3. Genetically significant dose due to diagnostic 
X-ray examination considered. 


Results of previous research (1-4) in this field 
established the fact that the largest contribu- 
tion to the genetically significant dose (actually 
80 to 90 percent of the total dose to the gonads) 
is due to a relatively small group of abdominal 
and pelvic examinations. In accordance with this 
observation, the following diagnostic x-ray pro- 
cedures were included in the Puerto Rico survey: 


. abdomen, 

. gallbladder (cholecystography), 

. upper gastrointestinal series, 

. lower gastrointestinal tract (barium enema), 
lumbar spine, 

. pelvic, 

. hip joint, 

intravenous pyelography (I.V.P.) or retro- 
grade pyelography, and 

. pelvimetry. 


ONAN WNYe 


Ne} 


The objective of characterizing the radiation 
hazards by the three indices enumerated dicta- 
ted the following scope and order of work in our 
survey: 


1. Careful collection and extensive statistical 
analysis of such data as: 





a) The number and geographic distribution 

of diagnostic x-ray units being operated 
in Puerto Rico, classified according to 
ownership, manufacturer and model, total 
filtration, half value layer (HVL), kilo- 
voltage (kVp), and maximal milliamper- 
age values (mA). 
The number of patients served by the unit, 
and the distribution of patients with re- 
spect to sex, age, and type of diagnostic 
x-ray procedure administered. 

. Determination of the radiation doses associ- 
ated with each diagnostic procedure con- 
sidered, and 

3. Evaluation and interpretation of the indices 
enumerated above. 


This method of working not only furnished 
answers to the questions concerning radiation 
hazards, but also, as a very valuable byproduct, 
yielded the first census of diagnostic x-ray equip- 
ment in Puerto Rico. 

Detailed statistical data concerning the number 
of diagnostic x-ray examinations performed during 
a specified time interval on a certain unit were 
collected from the medical institutions and private 
offices surveyed (5-6). In addition, information 
was collected on the distribution of the exami- 
nations with respect to the type of procedure used 
and the distribution of patients with respect to 
sex and age groups. 

Dose measurements were carried out both in 
vivo and on a Rando phantom using a variety of 
methods and instrumentation such as TLD-LiF 
powder, Victoreen chamber and DuPont SX-249- 


126 high sensitivity films.? Intercalibration of 
various dosimeters showed reasonable consistency 
of our dose measurements (7-8). 

Finally, the dosimetric and statistical data ob- 
tained were combined with the vital statistics 
published by the Department of Health of the 
Commonwealth and used to compute the char- 
acteristic indices. 

Data collection and evaluation were made on a 
regional basis, using the system of the Planning 
Board of the Commonwealth of Puerto Rico. This 
plan divides the Island into three regions based 
on relevant sociocultural and economic factors, 
as well as natural geographical boundaries. These 
regions (figure 1) are the following: 


1. The northern region, which includes the city 
of San Juan (the political, cultural and eco- 
nomic capital of the island). The total popu- 
lation of this region is 1,767,200. 

. The southern region, which is highly in- 
dustrialized with Ponce as the most im- 
portant city and with a regional population 
of 493,500. 

. The western region, with Mayaguez as the 
most important city and with a total regional 
population of 420,200. 


All demographic data quoted above refer to the 
year 1968. 

Portions of the survey covering the western 
and southern regions (figure 2) were completed 


2? These films were developed and read in the Health 
Physics Division of Brookhaven National Laboratory. 
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Figure 1. 


Puerto Rico and its subdivision in regions according to 


the planning board 
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Figure 2. Distribution of diagnostic x-ray units in the western 
and southern regions of Puerto Rico, 1968 


by 1969 (7-8). Some of the most significant results 
obtained in the survey are presented herewith. 

Table 1 enables one to compare data concerning 
the southern and western regions in Puerto Rico 
for 1968. Because of the larger population in the 
southern region, it is natural that the number of 
diagnostic x-ray examinations is greater in the 
southern than in the western region (figures 3 
and 4). 


Table 1. Comparison of certain significant statistical 
results obtained in the joint radiation survey of the 
western and southern regions, Puerto Rico, 1968 





Southern region | Western region 
Item (population (population 
93,5 420,200) 





Number of diagnostic x-ray units 
(excluding dental x-ray units) 

Total number of abdominal diagnostic 
x-ray examinations within the 
“genetically significant’”’ group 

Total number of all thoracic diagnostic 
x-ray examinations 

Total number of diagnostic x-ray 
examinations in public institutions 


Total number of x-ray diagnostic 
examinations 

Population per x-ray unit 

Number of x-ray examinations per 
100 patients in public 
institutions* 











® The term “public institution” includes hospitals, clinics, health centers, 
and public health units. 


Table 2 shows characteristic indices relating to 
radiation dose associated with diagnostic x-ray 
procedures considered within the southern region 
and the western region. A brief description of the 
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Western Region 


a-Except dental x-ray units 

b-The figure(78) refers to 1967 
and was not significantly 
changed in 1968 


Population 


353,048 
(17) 


Number of Diagnostic X-ray Units 





364,142 
(14) 





322.973 
(S) 





























1940 1950 1968 
Public Institutions Public Institutions 
and Private Doctors 


Figure 3. Variation of population and number of 
diagnostic x-ray units in the western region 


derivation and interpretation of these indices 
follows. 

The mean gonadal dose per abdominal diagnos- 
tic x-ray examination was derived from the meas- 
ured gonadal dose associated with each type of 
abdominal diagnostic x-ray examination con- 
sidered and from the number of such examinations 
performed annually within the region. The mean 
gonadal dose was computed as the weighted aver- 
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Southern Region 493500 


a-Except dental x-ray units 


447,200 
(57) 
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Figure 4. Variation of population and number of 
diagnostic x-ray units in the southern region 


age of the measured doses with the pertinent 
numbers of diagnostic x-ray examinations used as 
statistical weights. 

The mean gonadal dose thus computed is in- 
tended to be an indication of the radiation dose 
incurred on the average whenever a patient within 
the specified region (and time interval) undergoes 
an abdominal diagnostic x-ray test of any kind 
included within our survey. 

The mean gonadal dose per thoracic exami- 
nation was determined and interpreted in a similar 
fashion. 

The per capita per annum gonadal dose per 
abdominal diagnostic x-ray examination was de- 
rived as follows. Using the measured doses for 
each abdominal x-ray procedure considered, the 
gonadal doses associated with diagnostic x-ray 
examinations delivered to all patients within the 
region during the specified year were added up 
and the grand total obtained was divided by the 
total population of the region. 

The per capita per annum gonadal dose per 
thoracic diagnostic x-ray examination was derived 
in a similar fashion. 
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Table 2. Comparison of characteristic indices obtained 
for the western and southern regions in the radiation 
survey, Puerto Rico, 1 





Southern region | Western region 
1968 1968 
(population 
493,500) 
(mrem) 


(population 
420,200) 
(mrem) 





Mean gonadal dose per abdominal 
diagnostic x-ray examination____-_ 

Mean gonadal dose per thoracic 
diagnostic x-ray examination 

Per capita per annum gonadal dose 
due to abdominal diagnostic 
x-ray examination 

Per capita per annum gonadal 
dose due to thoracic diagnostic 
x-ray examination 

Genetically significant dose due 
to diagnostic abdominal x-ray 
a 

Genetically significant dose due 
to thoracic x-ray examinations - - - 











The genetically significant dose (GSD) was 
computed by means of the Penfil-Brown formula 
(2) using the dose measurements and detailed 
statistical data concerning age-sex distribution of 
patients for each type of examination considered 
as well as vital statistics of the Department of 
Health of the Commonwealth. The genetically 
significant dose characterizes the potential radi- 
ation damage imparted via genetic material to an 
average offspring that will be begotten after ex- 
posing the parent’s gonads to ionizing radiation. 

A survey of the northern region of Puerto Rico 
is now in process and is scheduled to be completed 
by the end of fiscal year 1971. 

The recently approved survey of dental x-ray 
units and the possible health hazards associated 
with their use is proceeding under the joint 
sponsorship of the Puerto Rico Nuclear Center 
and the Department of Health of the Common- 
wealth of Puerto Rico with the cooperation of the 
School of Dentistry and the University of Puerto 
Rico. 

It is hoped that with further development of 
social radiology in Puerto Rico, these two surveys 
will be followed by a general evaluation of hazards 
due to exposure to ionizing radiation of all kinds 
(x rays; radioactive sources used in industry, edu- 
cation, science, and medicine; ionizing radiation 
emitted by various electronic products; etc.) and 
that all suitable means will be used to reduce this 
total exposure to an unavoidable minimum. 
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SECTION I. MILK AND FOOD 


Milk Surveillance, June 1971 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, it 
is the food item that is most useful as an indicator 
of the general population’s intake of radionuclide 
contaminants resulting from environmental re- 
leases. Fresh milk is consumed by a large segment 
of the population and contains several of the 
biologically important radionuclides that may be 
released to the environment from nuclear ac- 
tivities. In addition, milk is produced and con- 
sumed on a regular basis, is convenient to handle 
and analyze, and samples representative of general 
population consumption can be readily obtained. 
Therefore, milk sampling networks have been 
found to be an effective mechanism for obtaining 
information on current radionuclide concentra- 
tions and long-term trends. From such infor- 
mation, public health agencies can determine the 
need for further investigation or corrective public 
health action. 

The Pasteurized Milk Network (PMN) spon- 
sored by the Office of Radiation Programs, En- 
vironmental Protection Agency, and the Office of 
Food Sanitation, Food and Drug Administration, 
U.S. Public Health Service, consists of 63 sampling 
stations; 61 located in the United States, one in 
Puerto Rico, and one in the Canal Zone. Many 
of the State health departments also conduct local 
milk surveillance programs which provide more 
comprehensive coverage within the individual 
State. Data from 15 of these State networks are 
reported routinely in Radiological Health Data and 
Reports. Additional networks for the routine sur- 
veillance of radioactivity in milk in the Western 
Hemisphere and their sponsoring organizations 
are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. En- 
vironmental Protection Agency)—5 sampling 
stations 


Canadian Milk Network (Radiation Protection 
Division, Canadian Department of National 
Health and Welfare)—16 sampling stations. 


The sampling locations that make up the net- 
works presently reporting in Radiological Health 
Data and Reports are shown in figure 1. Based on 
the similar purpose for these sampling activities, 
the present format integrates the complementary 
data that are routinely obtained by these several 
milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that are 
formed as a result of nuclear fission become in- 
corporated in milk (1). Most of the possible radio- 
contaminants are eliminated by the selective me- 
tabolism of the cow, which restricts gastrointesti- 
nal uptake and secretion into the milk. The five 
fission-product radionuclides which commonly oc- 
cur in milk are strontium-89, strontium-90, iodine- 
131, cesium-137, and barium-140. A sixth radio- 
nuclide, potassium-40, occurs naturally in 0.0118 
percent (2) abundance of the element potassium, 
resulting in a specific activity for potassium-40 of 
830 pCi/g total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a means 
for assessing the biological behavior of meta- 
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Figure 1. Milk sampling networks in the Western Hemisphere 
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bolically similar radionuclides (radiostrontium 
and radiocesium, respectively). The contents of 
both calcium and potassium in milk have been 
measured extensively and are relatively constant. 
Appropriate values and their variations, expressed 
in terms of 2 standard deviations (2c), for these 
elements are 1.16 + 0.08 g/liter for calcium and 
1.51 + 0.21 g/liter for potassium. These figures 
are averages of data from the PMN for May 
1963—March 1966 (3) and were determined for 
use in general radiological health calculations or 
discussions. 


Accuracy of data from various milk networks 


In order to combine data from the international, 
national, and State networks considered in this 
report, it was first necessary to determine the 
accuracy with which each laboratory is making 
its determinations and the agreement of the meas- 
urements among the laboratories. The Analytical 
Quality Control Service of the Office of Radiation 
Programs conducts periodic studies to assess the 
accuracy of determinations of radionuclides in 
milk performed by interested radiochemical lab- 
oratories. The generalized procedure for making 
such a study has been outlined previously (4). 

The most recent study was conducted during 
May-July 1970, with 28 laboratories participating 
in an experiment on milk samples containing 
known concentrations of strontium-89, strontium- 


Table 1. 





90, iodine-131, cesium-137, and barium-140 (5). 
Of the 18 laboratories producing data for the 
networks reporting in Radiological Health Data 
and Reports, 13 participated in the experiment. 

The accuracy results of this experiment are 
shown in table 1. In general, considerable improve- 
ment is needed, especially in the accuracy meas- 
urements. These possible differences should be 
kept in mind when considering the integration of 
data from the various networks. 


Development of a common reporting basis 


Since the various networks collect and analyze 
samples differently, a complete understanding of 
several parameters is useful for interpreting the 
data. Therefore, the various milk surveillance net- 
works that report regularly were surveyed for 
information on analytical methods, sampling and 
analysis frequencies, and estimated analytical 
errors associated with the data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by beta- 
particle counting in low-background detectors, 
and the gamma-ray emitters (potassium-40, 
iodine-131, cesium-137, and barium-140) are de- 
termined by gamma-ray spectroscopy of whole 
milk. Each laboratory has its own modifications 
and refinements of these basic methodologies. The 
methods used by each of the networks have been 
referenced in earlier reports appearing in Radio- 
logical Health Data and Reports. 


Distribution of mean results, quality control experiment 


| Number of laboratories in each category 


Isotope and known 
concentration 


| Acceptable* | Warning level> 


Strontium 89: High_- . 
(258 pCi/liter) 
Low _- Sen aid (69%) 
(15 pCi/liter) 

Strontium-90: Intermediate__ 

(79.4 pCi/liter) 

Low - 4 

(32.0 pCi/liter) 

High__ ae 

(507 pCi /liter) 


7 (44%) 


Iodine-131: 


sOW ocee 

(49 pCi/liter) 
Cesium-137  High_- ‘ 
(259 pCi /liter) 
OW... ated 7 (66%) 
(53 pCi/liter) 
High_- bad 
(302 pCi/liter) 
Low... ae" 3 (92%) 
(33 pCi/liter) 


Barium-140: 3 (67%) 


| Unacceptablee Total 





® Measured concentration equal to or within 2¢ of the known concentration. 
b Measured concentration outside 2¢ and equal to or within 3o of the known concentration. 
© Measured concentration outside 3¢ of the known concentration. 
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A previous article (6) summarized the criteria 
used by the State networks in setting up their 
milk sampling activities and their sample col- 
lection procedures as determined during a 1965 
survey. This reference and an earlier data article 
for the particular network of interest may be con- 
sulted should events require a more definitive 
analysis of milk production and milk consumption 
coverage afforded by a specific network. 

Many networks collect and analyze samples on 
a monthly basis. Some collect samples more fre- 
quently but composite the several samples for 
one analysis, while others carry out their analyses 
more often than once a month. Many networks 
are analyzing composite samples on a quarterly 
basis for certain nuclides. The frequency of col- 
lection and analysis varies not only among the 
networks but also at different stations within some 
of the networks. In addition, the frequency of 
collection and analysis is a function of current 
environmental levels. The number of samples 
analyzed at a particular sampling station under 
current conditions is reflected in the data presen- 
tation. Current levels for strontium-90 and cesium- 
137 are relatively stable over short periods of time, 
and sampling frequency is not critical. For the 
short-lived radionuclides, particularly iodine-131, 
the frequency of analysis is critical and is generally 
increased at the first measurement or recognition 
of a new influx of this radionuclide. 

The data in table 2 show whether raw or 
pasteurized milk was collected. An analysis (7) of 
raw and pasteurized milk samples collected during 
January 1964 to June 1966 indicated that for 
relatively similar milkshed or sampling areas, the 
differences in concentration of radionuclides in 
raw and pasteurized milk are not statistically 
significant (7). Particular attention was paid to 
strontium-90 and cesium-137 in that analysis. 

Practical reporting levels were developed by the 
participating networks, most often based on 
2-standard-deviation counting errors or 2-stand- 
ard-deviation total analytical errors from replicate 
analyses (3). The practical reporting level reflects 
analytical factors other than statistical radio- 
activity counting variations and will be used as a 
practical basis for reporting data. 

The following practical reporting levels have 
been selected for use by all networks whose prac- 
tical reporting levels were given as equal to or 
less than the given value. 
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Practical reporting level 
Radionuclide (pCi/liter) 
Strontium-89 5 
Strontium-90 2 
Iodine-131 10 
Cesium-137 10 
Barium-140 10 





Some of the networks gave practical reporting 
levels greater than those above. In these cases, the 
larger value is used so that only data considered 
by the network as meaningful will be presented. 
The practical reporting levels apply to the hand- 
ling of individual sample determinations. The 
treatment of measurements equal to or below 
these practical reporting levels for calculation 
purposes, particularly in calculating monthly aver- 
ages, is discussed in the data presentation. 

Analytical error or precision expressed as pCi/ 
liter or percent in a given concentration range have 
also been reported by the networks (3). The pre- 
cision errors reported for each of the radionuclides 
fall in the following ranges: 


Analytical errors of precision 

(2 standard deviations) 

1-5 pCi/liter for levels 

pCi/liter; 

5-10% for levels >50 pCi/liter; 

1-2 pCi/liter for levels <20 
pCi/liter; 

4-10% for levels >20 pCi/liter; 

Iodine-131 \ 4-10 pCi/liter for levels <100 
Cesium-137 ? pCi/liter; 

Barium-140) 4-10% for levels >100 pCi/liter. 


Radionuclide 
Strontium-89 





<50 


Strontium-90 


For iodine-131, cesium-137, and barium-140, there 
is one exception to these precision error ranges: 
25 pCi/liter at levels <100 pCi/liter for Colorado. 
This is reflected in the practical reporting level 
for the Colorado milk network. 


Federation Radiation Council guidance applicable 
to milk surveillance 


In order to place the U.S. data on radioactivity 
in milk presented in Radiological Health Data and 
Reports in perspective, a summary of the guidance 
provided by the Federal Radiation Council for 
specific environmental conditions was presented in 
the December 1970 issue of Radiological Health 
Data and Reports. 
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Table 2. Concentrations of radionuclides in milk for June 1971 and 12-month period, July 1970 through 
June 1971 





Radionuclide concentration 
(pCi /liter) 





Sampling location Type of ie aR Re ee 
sample® Strontium-90 Iodine-131 Cesium-137 





Monthly 12-month Monthly 12-month Monthly 12-month 
average’ | average average” | average average» average 
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See footnotes at end of table. 
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Table 2. Concentrations of radionuclides in milk for June 1971 and 12-month period, July 1970 through 
June 1971—Continued 





Radionuclide concentration 
(pCi/liter) 





Type of 


Sampling location sample® Strontium-90 Iodine-131 Cesium-137 





Monthly | 12-month Monthly 12-month Monthly 12-month 
average | average average> average average> average 
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See footnotes at end of table. 
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Table 2. Concentration of radionuclides in milk for June 1971 and 12-month period, July 1970 through 
June 1971—Continued 





Radionuclide concentration 
(pCi/liter) 





Iodine-131 





5 ; Type of | 
Sampling location sample® Strontium-90 Cesium-137 





Monthly 
average> 


Monthly Monthly 
average> average> 
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average 
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average 
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average 





CANADA: 
Calgary 


Alberta: 

Edmonton 
British Columbia: 

Vancouver 
Manitoba: Winnipeg 
New Brunswick: 

Fredericton 
Newfoundland: 
ne en To ne 
Halifax 
Ottawa__-_-_- 
Sault Ste. Marie 
Thunder Bay 
Toronto 
Windsor 


to toto to 
ou Ca) Y 


ee 


Nova Scotia: 
Ontario: 








— me 
ON GIUItO ROM 


Quebec: 


Saskatchewan: 


hee Nw ou 
tote to Coe ty oo 
Senora nw 


_ 
= OOo 


on 
~ 
_ 
a 


CENTRAL A? 


Bogota 

hile: Santiago 
Ecuador: Guayaquil_ 
Jamaica: Montego Bay 
Venezuela: ied bidknhnen gee hemGeese emne 
Canal Zone: Cristobal*..................... - 
Puerto Rico: San Juan¢ 


Colombia: 





ZZ 
rrouchn 





PMN network average! 


= 





a P, pasteurized milk. 
R, raw mil 
b When an individual sampling result was equal to or less than the practical reporting level, a value of ‘‘0”’ was used for averaging. Monthly averages less 
than the practical reporting level reflect the fact that some but not all of the individual sz ample s making up the average contained levels greater than the 
practical reporting level. When more than one analysis was made in a monthly period, the number of samples in the monthly average is given in parentheses 
¢ Pasteurized Milk Network station. All othersampling locations are part of the State or National network. 
4 Radionuclide analysis not routinely performed. 
e The practical reporting levels for these networks differ from the general ones given in the text. Sampling results for the networks were equal to or less 
than the following practical reporting levels: 
Iodine-131: Colorado—25 pCi/liter 
Michigan—14 pCi/liter 
Oregon—15 pCi /liter 


Cesium-137: ootens ado—25 pCi/liter 
New York—20 pCi /liter 
Oregon—15 pCi /liter 


Strontium-90: New York—3 pCi/liter 


{ This entry gives the average radionuclides concentrations for the Pasteurized Milk Network stations denoted by footnote °. 


NA, no analysis. 
NS, no sample collected. 


Data reporting format 


Table 2 presents the integrated results of the 
international, national, and State networks dis- 
cussed earlier. Column 1 lists all the stations 
which are routinely reported to Radiological Health 
Data and Reports. The relationship between the 
PMN stations and the State stations is shown in 
figure 2. The first column under each of the re- 
ported radionuclides gives the monthly average 
for the station and the number of samples analyzed 
in that month in parentheses. When an individual 
sampling result is equal to or below the practical 
reporting level for the radionuclide, a value of 
zero is used for averaging. Monthly averages are 
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calculated using the above convention. Averages 
which are equal to or less than the practical re- 
porting levels reflect the presence of radioactivity 
in some of the individual samples greater than the 
practical reporting level. 

The second column under each of the radio- 
nuclides reported gives the 12-month average for 
the station as calculated from the preceding 12 
monthly averages, giving each monthly average 
equal weight. Since the daily intake of radio- 
activity by exposed populations groups, averaged 
over a year, constitutes an appropriate criterion 
for the case where the FRC radiation protection 
guides apply, the 12-month average serves as a 
basis for comparison. 
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Figure 2. State and PMN milk sampling locations in the United States 


Discussion of current data 


In table 2, surveillance results are given for 
strontium-90, iodine-131, and cesium-137 for June 
1971 and the 12-month period, July 1970 through 
June 1971. Except where noted, the monthly 
average represents a single sample for the sampling 
station. Strontium-89 and barium-140 data have 
been omitted from table 2 since levels at the great 
majority of the stations for June 1971 were below 
the respective practical reporting levels. Table 3 
gives monthly averages for those stations at which 
strontium-89 or barium-140 was detected. The 
increase in the levels of strontium-89 at Santiago, 
Chile, is attributed to the recent French nuclear 
tests in the Pacific. 

Iodine-131 results are included in the table, 
even though they were generally below practical 
reporting levels. Because of the lower guide levels 
established by the Federal Radiation Council, 
levels in milk for this radionuclide are of particular 
public health interest. In general, the practical 
reporting level for iodine-131 is numerically equal 
to the upper value of Range I (10 pCi/liter) of 


508 


the FRC radiation protection guide. 
Strontium-90 monthly averages ranged from 0 
to 23 pCi/liter in the United States for June 1971, 
and the highest 12-month average was 18 pCi/liter 
(Minneapolis, Minn.) representing 9.0 percent of 
the Federal Radiation Council radiation protection 
guide. Cesium-137 monthly averages ranged from 
Table 3. 


Strontium-89 and barium-140 in milk, 
June 1971 





Radionuclide concentration 


Sampling location (pCi/liter) 





Strontium-89 | Barium-140 


Little Rock (PMN) 
Del Norte (State) 
Humboldt (State) 
Mendocino (State) 
Shasta (State) 
Sonoma (State) 
Chicago (PMN)_-_- 
Coffeyville (State) 
Hays (State) ___- — 
Kansas City (State) 
Topeka (State) 
Wichita (State) - _- 
Boston (PMN) 
Syracuse (State).............. 
Portland (PMN) - 
Chile: Santiago (PAHO) 














* Attributed to French nuclear tests in the Pacific. 
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0 to 95 pCi/liter in the United States for June 
1971, and the highest 12-month average was 78 
pCi/liter (Southeast Florida), representing 2.2 
percent of the value derived from the recommen- 
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Food and Diet Surveillance 


Efforts are being made by various Federal and 
State agencies to estimate the dietary intake of 
selected radionuclides on a continuing basis. These 
estimates, along with the guidance developed by 
the Federal Radiation Council, provide a basis for 
evaluating the significance of radioactivity in foods 
and diet. 
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Connecticut Standard Diet 
Radionuclides in Institutional 
Diet Samples 
Strontium-90 in Tri-City Diets 
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Networks presently in operation and reported 
routinely include those listed below. These net- 
works provide data useful for developing estimates 
of nationwide dietary intakes of radionuclides. 
Programs reported in Radiological Health Data and 
Reports are as follows: 


Period reported Issue 





January—June 1970 
July-December 1970 
July-December 1969 


January—March 1971 
January—December 1969 


November 1970 
May 1971 
December 1970 


September 1971 
June 1970 
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SECTION If. WATER 


The Environmental Protection Agency and 
other Federal, State, and local agencies operate 
extensive water quality sampling and analysis 
programs for surface, ground, and treated water. 
Most of these programs include determinations of 
gross beta and gross alpha radioactivity and spe- 
cific radionuclides. 

Although the determination of the total radio- 
nuclide intake from all sources is of primary im- 
portance, a measure of the public health im- 
portance of radioactivity levels in water can be 
obtained by comparison of the observed values 
with the Public Health Service Drinking Water 
Standards (1). These standards, based on con- 
sideration of Federal Radiation Council (FRC) 
recommendations (2-4) set the limits for approval 
of a drinking water supply containing radium-226 
and strontium-90 at 3 pCi/liter and 10 pCi/liter, 
respectively. Higher concentrations may be ac- 
ceptable if the total intake of radioactivity from 


Water sampling program 
California 





all sources remains within the guides recommended 
by FRC for control action. In the known absence! 
of strontium-90 and alpha-particle emitters, the 
limit is 1,000 pCi/liter gross beta radioactivity, 
except when additional analysis indicates that 
concentrations of radionuclides are not likely to 
cause exposures greater than the limits indicated 
by the Radiation Protection Guides. Surveillance 
data from a number of Federal and State programs 
are published periodically to show current and 
long-range trends. Water sampling activities re- 
ported in Radiological Health Data and Reports are 
listed below. 


1 Absence is taken to mean a negligibly small fraction of 
the specific limits of 3 pCi/liter and 10 pCi/liter for unidenti- 
fied alpha-particle emitters and strontium-90, respectively. 


Period reported Issue 





January—December 1969 October 1971 


Gross Radioactivity in Surface Waters 
of the United States 

Interstate Carrier Drinking Water 

Kansas 

Minnesota 

North Carolina 

New York 


February 1971 

1970 
January—December 1969 
July-December 1969 
January—December 1967 
July-December 1969 and 
January-June 1970 
July-December 1970 
1969 

January—March 1971 
July 1968-June 1969 


October 1971 
July 1971 
September 1970 
May 1971 

May 1969 


September 1971 
October 1971 
December 1970 
July 1971 
February 1971 


Radiostrontium in Tap Water, HASL 
Tritium in Community Water Supplies 
Tritium Surveillance System 
Washington 
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Gross Radioactivity in Surface Waters of the United States, February 1971 


Office of Water Programs 
Environmental Protection Agency 


The monitoring of gross radioactivity in surface 
waters of the United States was begun in 1957 as 
part of the Water Pollution Surveillance System 
formerly National Water Quality Network) of 
the Public Health Service. Currently, the program 
is operated by the Environmental Protection 
Agency, Office of Water Programs. Regional offices 
of the Environmental Protection Agency are re- 
sponsible for the collection of samples and the 
entering of the resulting data into the analytical 
storage and retrieval system. Radioactivity anal- 
yses are performed in the centralized radioactivity 
laboratories of the Office of Water Programs 
(Cincinnati, Ohio). 


Table 1. 


Table 1 presents the gross alpha and beta results 
for samples collected from four rivers during Feb- 
ruary 1971. The analytical procedures used for 
determining gross alpha and beta radioactivity 
are described in the 13th Edition of ‘Standard 
Methods for the Examination of Water and Waste- 
water” (1). Results are reported for the date of 
counting and are not corrected by extrapolation 
to the date of collection. The sensitivity in count- 
ing is that defined by the National Bureau of 
Standards, Handbook 86 (2) and is calculated to 
be <0.2 pCi/liter for gross alpha and <1 pCi/liter 
for gross beta radioactivity measurements. 


Gross radioactivity in U.S. surface waters, February 1971 





| 
| Number | 


River and station of grab 


} Gross alpha radioactivity 
(pCi/liter) 


Gross beta radioactivity 
(pCi/liter) 





samples® 
Suspended 





Clinch River: 
Kingston, Tenn._--------- 
Ohio River: 
Cincinnati, Ohio 
Roanoke River: 
ohn Kerr Dam 
St. Lawrence River: 
OS  § 


Suspended 
soluds | 


Dissolved 
solids 





(<i, %) (9, 


| ¢ 
| 3 

» 1) | 

» <1) 

| 








® Where more than one sample is analyzed, the minimum and maximum values are in parentheses. 
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Radioactivity in California Waters,' January-December 1969 


Bureau of Radiological Health, State of California 
Department of Public Health 


Gross beta radioactivity in California domestic 
waters is monitored by the Sanitation and Radi- 
ation Laboratory of the State Department of 
Public Health. The importance of this program 
in the State’s environmental surveillance activities 
stems from the fact that most of California’s 
domestic water supplies are of surface origin. 

Radioactivity in such water supplies consists of 
the natural radioactivity in surface streams, radio- 
activity added by the discharge of sewage or by 
industrial waste effluents, and radioactivity from 
fallout, particularly fallout into open terminal or 
distribution reservoirs. Present efforts consist of 
sampling raw and treated surface waters and well 
waters (table 1). It should be noted that except 
for large metropolitan water supplies, raw water 
sampling is being phased out and treated water 
sampling being substituted or continued. This 
procedural change is predicated upon sampling 
water at the point of consumption. 

Most of the supplies sampled have raw surface 
waters (figure 1) as their source, although a few 
wells, along with some water supplies that use 
infiltration galleries, are also sampled. 


1 Data from July and October 1969 issues of Radiological 
Health News, State of California, Department of Public 
Health, Bureau of Radiological Health, 2151 Berkeley Way, 
Berkeley, Calif. 94704. 
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Monitoring of domestic water supplies is on a 
continuing basis, since it has not been possible to 
forecast levels of radioactivity in these supplies 
based upon levels in rain, snow, or surface streams. 
Under the present sampling schedule, monthly 
500 ml samples are collected, and the total solids 
analyzed for alpha and beta radioactivity. In ad- 
dition, 3-liter samples are collected monthly for 
approximately 6 months and composited for spe- 
cific radionuclide analysis on a semiannual basis. 


Analytical procedures 


Radionuclide analyses of water are carried out 
in the State’s Sanitation and Radiation Labora- 
tory. Measurements of alpha and alpha-plus-beta 
radioactivities are made with a low-background 
windowless gas-flow proportional counter. Count- 
ing methods used follow those recommended by 
the U.S. Public Health Service (1). 

Individual samples are evaporated to dryness 
and the residue ashed at 450°C. The ashed sample 
is dissolved and transferred to an aluminum plan- 
chet for beta-particle counting. Radioisotopic anal- 
yses are determined semiannually on composite 
samples. Gamma-ray emitting nuclides are de- 
termined by gamma-ray spectroscopy and radium 
and radiostrontium by chemical separation and 
counting. 
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Figure 1. California surface water sampling stations 


Sewage samples 


Sewage samples are collected from many treat- 
ment plants throughout the State. Analyses of 
sewage effluent and sludge samples provide a 
means of monitoring to insure that industrial 
radioactive wastes discharged into sewage sys- 
tems do not become excessive. The surveillance of 
sewage assumes greater importance as isotope 
licensees become more numerous and as the quan- 
tity per user increases. Analysis procedures for 
sewage samples are the same as the method used 
for domestic water. Gross radioactivity in sewage 
samples for January-December 1969 is presented 
in table 2 
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The relationship between domestic water and 
sewage is of significance. One would expect a one- 
to-one radiological relationship between them un- 
less there was some disposal of radioactive material 
into the sewage. The sewage to domestic water 
ratio has been calculated for those places where 
both samples are collected and analyzed. The data 
are in table 3. In addition to the ratio, the difference 
in the concentration of radioactive material in 
sewage and water was determined. 

Looking at either the sewage-water ratio or the 
difference, it is apparent that some sewages in the 
State contain no additional radioactivity in the 
sewage as compared to its domestic water, and 
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Table 1. Gross beta radioactivity in California domestic waters, January-December 1969 





Sampling station Quality 


Concentration*® 
(pCi/liter) 








Clearlake Highlands - -------_- 
Crescent City 
7 == 


El Centro 
Eureka 


Livermore 
Los Angeles 
Marin Municipal 
Water District 
Metropolitan Water 
District of Southern Calif._ 
Lake Millerton 
Monterey 
Napa 
Needles - - - - - — okneien 
North Marin Water District -__ 





Treated 
Redding Treated 
Sacramento: 
American River - - - -- ‘ 
Sacramento 
San Diego 


| Treated__.____- 








Yosemite_------ | Treated _ 





Maximum. -- 





Minimum 








| May | June July Aug 8 Oct | Nov 


Z = 


SDAIN 


— tO 


5 
uS 
1 
0 
2 


* Levels below the practical reporting level (15 pCi/liter) should be regarded as statistically insignificant. 


> Sludge reported in pCi/g (dry weight). 
NS, no sample. 


some sewages do contain additional radioactive 
material. 

Tables 4 and 5 show a comparison of gross beta 
yearly average concentrations in sewage effluent 
and sludge for 1964 through 1969. 


Discussion 


Table 1 shows the monthly average beta radio- 
activity in the suspended-plus-dissolved solids in 
surface water supplies in California for January— 
December 1969. Following treatment, these waters 
are used for industrial and domestic purposes. 
Because alpha radioactivity in water has, in 
general, been undetectable or very slight, alpha 


October 1971 


radioactivity analyses are not presented. No in- 
crease in radioactivity level of surface water has 
been observed. 


REFERENCE 


(1) PUBLIC HEALTH SERVICE, DIVISION OF RADIO- 
LOGICAL HEALTH. Radionuclide analyses of environ- 
mental samples, R 59-6. Radiological Health Research 
Activities, Robert A. Taft Sanitary Engineering Center, 
Cincinnati, Ohio 45226 (November 15, 1959). 
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Table 2. Gross radioactivity in California sewage samples, January-December 1969 





Sewage treatment plant 


Concentration 
(pCi/liter) 








Antioch: 
Effluent: 


El Centro: 
Effluent: 


Eureka* 
Effluent: 


Fresno: 
Effluent: 


Livermore: 
Effluent: 


Los Angeles City: 
Hyperion: 
Effluent: 
Alpha. -- 
a 
Sludge: 
Alpha- -- 
Beta- ~~. -- 


Los Angeles County: 
Sanitary District: 
Effluent: 
rr ee 
ee is 
Sludge: 
Alpha. - - -- 
Boete....- 


Orange County: 
Plant 1: 

Effluent: 
Alpha. - - -- 
ee 

Sludge: 
[ae 
eta. ...- ‘ 


Orange County: 
Plant 2: 
Effluent: 


See footnotes at end of table. 
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Table 2. Gross radioactivity in California sewage samples, January-December 1969—Continued 





Concentration 
(pCi /liter) 
Sewage treatment plant 





Nov Dec 





Orange County: 

Plant 2: (Continued) 
NS 
NS 





San Francisco: 
North Point: 
Effluent: 


Richmond Sunset: 
Effluent: 
NR ccd kina dca dee aaaeel 
eae 
Sludge: 





Southeast: 

Effluent: 
eres 
noe 

Sludge: 
ae 
Ridin wine ; 


























« Average of Hill, McCullen, and Murray Street treatment plants. 
b Average of triplicate samples. 
NS, no sample. 
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Table 3. Comparison of gross beta radioactivity in 
domestic water and sewage effluent in California, 1969 





| 
| Average concentration 
; ; (pCi /liter) | Sewage 
Sampling station a to 
water 





Domestic Sewage | Difference 
water | effluent 





Antioch 

East Bay mud 
Eureka 
Livermore__- 

Los Angeles City_- 
Pleasanton 
Sacramento 

San Diego--- 

San Francisco: 








Table 4. Gross beta radioactivity in California sewage effluent, 1964-1969 





Average concentration | 
(pCi /liter) 6-year- 


Treatment plant = eT a 
| 





1964 1965 | 1966 1967 1969 | 1969 





Antioch- 
Bakersfield 

El Centro- - -- 
Eureka__ 

Fresno - - 
Livermore - a 
Los Angeles City: 

Hyperion-_------- 
Los Angeles County 
East Bay mud 
Orange County: 

Plant 1-_-- 

Plant 2... 
Pleasanton 
Sacramento_ 

Salinas 
San Diego- - 
San Francisco: 

North Point - - 

tichmond Sunset___ 

Southeast ___-_- 

San Jose 
Vallejo-_-- 





NS, no sample, 


Table 5. Gross beta radioactivity in sludge in California sewage treatment 
plants, 1964-1969 


Average concentration 
(pCi/dry g) 6-year- 
average 





1968 





Antioch _ - ianacetneacal ; | : 10 
El Centro- _- ae q 2 15 
Eureka_- Sniietsinimine imaaces ; 2 
Fresno —_ 
Livermore- 
Los Angeles City: 
Hyperion- eon 
Los Angeles County --- 
East Bay mud 
Orange County: 
Plant 1 
Plant 2_- 
Pleasanton_ 
Sacramento_ 
Salinas 
San Diego 
San Francisco: 
Richmond Sunset__- 
Southeast __ 
San Jose_- 


Vallejo 





NS, no sample, 
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Radiostrontium in Tap Water, July-December 1970 


Health and Safety Laboratory 
U.S. Atomic Energy Commission 


The Health and Safety Laboratory has per- 
formed analyses for strontium-90 in tap water at 
New York City since August 1954. Samples of 
tap water are collected daily so that by the end 
of the month a composite of at least 100 liters is 
available for analysis. Cesium-137 determinations 
were begun in January 1964. The analytical meth- 
ods used at the laboratory are given in the Health 
and Safety Laboratory Manual of Standard Pro- 
cedures (1). 

Strontium-90 concentration and cesium-137 to 
strontium-90 ratios in New York City tap water 
for July through December 1970 are presented in 
table 1. These results appear graphically in figure 1. 

A decreasing trend has been observed in the 
strontium-90 concentrations since the July 1963 
peak. The maximum strontium-90 concentrations 
observed are below the acceptable limit as set 
forth in the interstate carrier drinking water 
standards (2). 


1 Prepared from information appearing in Fallout Program 
Quarterly Summary Report, HASL 243. This report is 
available from the National Technical Information Service, 
5285 Port Royal Road, Springfield, Va. 22151. 


Table 1. 


Radiostrontium in New York City tap water 
July-December 1970 





Strontium-90* 
(pCi /liter) 


Sampling months 137Cs /MSr 
1970 


September 

October. mio ane 

November- - - - - - . ba 
Sees 


« Approximately 100 liters per sample. 


REFERENCES 


(1) U.S. ATOMIC ENERGY COMMISSION. Manual of 
standard procedures, 40:E-38-01-16. Health and Safety 
Laboratory, U.S. Atomic Energy Commission, 376 Hudson 
Street, New York, N.Y. 10014. 

(2) FEDERAL REGISTER RULES AND REGULA- 
TIONS. Title 42—Public Health, Chapter 1, Public Health 
Service, Department of Health, Education, and Welfare; 
Part 72, Interstate Quarantine, Subpart J, Drinking 
Water Standards 27 :2154-2155. Superintendent of Docu- 
ments, Government Printing Office, Washington, D.C. 
20402 (March 6, 1962). 
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Strontium-90 concentrations in New York City tap water, 
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SECTION Il. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in air 
and precipitation provides one of the earliest indi- 
cations of changes in environmental fission product 
radioactivity. To date, this surveillance has been 
confined chiefly to gross beta radioanalysis. Al- 
though such data are insufficient to assess total 
human radiation exposure from fallout, they can 
be used to determine when to modify monitoring 
in other phases of the environment. 

Surveillance data from a number of programs 
are published monthly and summarized periodi- 


Network 
Fallout in the United States and other 


cally to show current and long-range trends of 
atmospheric radioactivity in the Western Hemis- 
phere. These include data from activities of the 
Environmental Protection Agency, the Canadian 
Department of National Health and Welfare, the 
Mexican Commission of Nuclear Energy, and the 
Pan American Health Organization. 

In addition to those programs presented in this 
issue, the following programs were previously 
covered in Radiological Health Data and Reports. 


Period Issue 


Areas, HASL July-December 1968 and 


January—December 1969 


January 1971 


Plutonium in Airborne Particulates 
and Precipitation 

Surface Air Sampling Program, 80th 
Meridian Network, HASL 

Mexican Air Monitoring Program 


July-December 1970 June 1971 


January—December 1968 
July 1970 


April 1971 
November 1970 


October 1971 521 





1. Radiation Alert Network 
June 1971 


National Environmental Research Laboratory 
Environmental Protection Agency 


Surveillance of atmospheric radioactivity in the 
United States is conducted by the Radiation Alert 
Network (RAN) which regularly gathers samples 
at 70 locations distributed throughout the country 
(figure 1). Most of the stations are operated by 
State Health Department personnel. 

The station operators perform ‘“‘field estimates’ 
on the airborne particulate samples at 5 hours 
after collection, when most of the radon daughter 


products have decayed, and at 29 hours after col- 
lection, when most of the thoron daughter products 
have decayed. They also perform field estimates 
on dried precipitation samples and report all re- 
sults to appropriate Environmental Protection 
Agency officials by mail or telephone depending 
on levels found. A compilation of the daily field 
estimates is available upon request from the Data 
Acquisition and Analysis Branch, Division of Air 
Quality and Emission Data, EPA, Durham, N.C. 
A detailed description of the sampling and ana- 
lytical procedures was presented in the March 
1968 issue of Radiological Health Data and Reports. 

Table 1 presents the monthly average gross beta 
radioactivity in surface air particulates and depo- 
sition by precipitation, as measured by the field 
estimate technique, during June 1971. 

All field estimates reported were within normal 
limits for the reporting station. 
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Figure 1. 


Radiation Alert Network sampling stations 
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Table 1. Gross beta radioactivity in surface air and precipitation, June 1971 





| 
} Precipitation 
Gross beta radioactivity | 
Number (5-hour field estimate) Number Total 
Station location of (pCi/m$) of depth 
samples samples (mm) 
Seiteet Number | Depth Total 


f a o | (mm) deposition 
Maximum | Minimum | Average* | samples (nCi/m?) 











Ala: Montgomery-.-------- 
Alaska: Anchorage 
Attu Island 





to 
com 


68 


w 
nO 


oS 


-_ 


RNP NNONINRE OR OOF. 





Neem 


Washington 
Jacksonville 
Miami 


NNwWNNNNKNNee 


moe hoe or 


= 
to 





to 
Pa) 
toe 


Springfield___....----- 
Indianapolis - - - ~~~ ~~~ 
Iowa City 

Topeka 

Frankfort 

New Orleans-_._-..--.- 








em Ortho 


~ 
-_ 


Maine: Augusta 
Md: Baltimore 
Mass: 


rm oN 


Mich: Lansing 

Minn: Minneapolis_--_--___-.-- 
Miss: Jackson_--- 

Mo: Jefferson City 

Mont: Helena- --_-_-_-- 


moe tt totot te 
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New WNWNNe 
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Nwwwrwo * 
oCoononoocr 
be 


New York City 
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wo 
_ 
on 


Cincinnati 

OSES Eee 
Painesville 

Oklahoma City____-__- 
Ponca Ci 


oo 


Ore ooo 


wo 


Harrisburg - - - - - - indi 
San Juan 











wo Oe 





toorww 





Spokane 
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Oo 
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« The monthly average is calculated by weighting the field estimates of individual air samples with length of sampling period. 
b This station is part of the tritium surveillance system. No gross beta measurements are done. 
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2. Canadian Air and Precipitation Monitoring 
Program,' June 1971 


Table 2. Canadian gross beta radioactivity in surface 
air and precipitation, June 1971 





| Bit ee ' 
Radiation Protection Division | | Sr coneene anete 


| beta radioactivity 
Department of National Health and Welfare — 


Precipitation 
measurements 


: | Number 
Station | of | 
samples 





The Radiation Protection Division of the Ca- 
nadian Department of National Health and Wel- 
fare monitors surface air and precipitation in con- 
nection with its Radioactive Fallout Study Pro- 
gram. Twenty-four collection stations are located 
at airports (figure 3), where the sampling equip- 
ment is operated by personnel from the Meteor- 
ological Services Branch of the Department of 
Transport. Detailed discussions of the sampling 
procedures, methods of analysis, and interpre- 
tation of results of the radioactive fallout program 
are contained in reports of the Department of 
National Health and Welfare (1-5). 

A summary of the sampling procedures and 
methods of analysis was presented in the May 
1969 issue of Radiological Health Data and Reports. 

Surface air and precipitation data for June 1971 
are presented in table 2. 


; Average| Total 
| Max- | Min- | Average | concen- 


imum | imum tration 


liter) 





| 
| | (pCi/ 
| 


Calgary........... 
Coral Harbour-___-- 
Edmonton_______- 


Ft. Churchill 


mow 
er rers 
we DOO 


Fredericton____----| 
Goose Bay 

Halifax 

Inuvik 


AALALAL LEAL PERE PPS 
hora crs 


tt 
eww 


Montreal______._--| 
Moosonee 





Crore or 


Ome OO 


Quebec 


a 
Resolute _ - - 

St. John’s, N 
Saskatoon 





Sault Ste. Marie __- 
Thunder Bay_--_-__- 
Toronto 


bhyww whyow 
Dwwh PRED PRO 


Whitehorse__ 
Windsor 

Winnipeg -_-_-_-_- ? 
Yellowknife 





Ap» PhD 
bohm Workmh POEs 


hm COO 
be CO 





1 Prepared from information and data obtained from the 
Canadian Department of National Health and Welfare, 
Ottawa, Canada. 
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Figure 2. Canadian air and precipitation sampling stations 
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3. Pan American Air Sampling Program 


June 1971 


Pan American Health Organization and 
Environmental Protection Agency 


Gross beta radioactivity in air is monitored by 
countries in the Americas under the auspices of 
the collaborative program developed by the Pan 
American Health Organization (PAHO) and the 
Environmental Protection Agency (EPA) to assist 
PAHO-member countries in developing radiologi- 
cal health programs. 

The air sampling station locations are shown in 
figure 3. Analytical techniques were described in 
the March 1968 issue of Radiological Health Data 
and Reports. The June 1971 air monitoring results 
from the participating countries are given in table 
3. The increased levels of radioactivity are at- 
tributed to the recent French nuclear tests in the 
Pacific. 
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Figure 3. Pan American Air Sampling 


Program stations 


October 1971 


Table 3. 


Summary of gross beta radioactivity in Pan 
American surface air, June 1971 





2 | Gross beta radioactivity 
— : Number (pCi/m!) 
Station location of 


samples 


Maximum | Minimum | Average 





Argentina: Buenos Aires-_--_ 
Bolivia: La Pas.........- 
Chile: Santiago---_-_- tate 26 4.5 0.01 
és .O1 
Ecuador: Cuenca_-----_- | 
Guayaquil___-_-_- , ® .02 
Guyana: Georgetown___-- 
Jamaica: Kingston-_----_- 
Peru: Lima__-- 
Venezuela: Caracas 
West Indies: Trinidad 





Pan American summary_-_- 





_* The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values less than 0.005 pCi/m? are reported 
and used in averaging as 0.00 pCi/m? 





3. Mexican Air Monitoring Program 
August-December 1970 and January 1971 


National Commission of Nuclear Energy 
México, D.F. 


The Radiation Surveillance Network of Mexico 
was established by the Comisién Nacional de 
Energia Nuclear (CNEN), México, D.F. From 
1952 to 1961, the network was directed by the 
Institute of Physics of the University of Mexico, 
under contract to the CNEN. 

In 1961, the CNEN appointed its Division of 
Radiological Protection to establish a new Radi- 
ation Surveillance Network. In 1966, the Division 
of Radiological Protection was restructured and 
its name changed to Direccién General de Seguri- 
dad Radiologica (DRS). The network consists of 
16 stations (figure 4), 11 of which are located at 
airports and operated by airline personnel. The 
remaining five stations are located at México, 
D.F.; Mérida; Veracruz; San Luis Potosi; and 
Ensenada. Staff members of the DRS operate the 
station at México, D.F., while the other four sta- 
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Figure 4. Mexican air sampling locations 


Table 4. 


Mexican gross beta radioactivity of airborne 
particulates, August 1970 


Table 5. 


particulates, September 1970 


Mexican gross beta radioactivity of airborne 





Acapulco__ 
Chihuahua- 
Ciudad Juarez 
Ensenada - - 


Guadalajara 
Guaymas_ 
La Pas... 
Matamoros_.- 


Mazatlan_ 
Mérida 
México, D.F._ 


Nuevo Laredo- - 


San Luis Potosi- 
Tampico 
Torreon 
Veracruz 





Number 
of 
samples 


Maximum 


0.10 
45 





| Gross beta radioactivity 


(pCi/m*) 


Minimum | Average 





| Number 
Station location | of 
samples 


Acapulco__- - 
Chihuahua- - 
Ciudad Juarez_ 
Ensenada 


TRI bo 


+ 


Guadalajara 
Guaymas.__---- 


ZZZZ 
DNDN 


Matamoros__- - - 


Mazatlan_ 
Mérida 
México, D.F 
Nuevo Laredo 


, 22 
wD 


, 


San Luis Potosi_-______-_-_-- 
Tampico 

Torreén__- -- 

Veracruz- 


on ZZ 
COMM 


to 





Gross beta radioactivity 


(pCi/m*) 





| 
Maximum | Minimum 








Average 





NS, no sample, station temporarily shutdown. 
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tions are manned by members of the Centro de 
Prevision del Golfo de México, the Chemistry 
Department of the University of Mérida, the 
Institute de Zonas Desérticas of the University 
of San Luis Potosi, and the Escuela Superior de 
Ciencias Marinas of the University of Baja Cali- 
fornia, respectively. 


Sampling 


The sampling procedure involves drawing air 
through a high-efficiency, 6- by 9-inch glass-fiber 
filter for 20 hours a day, 3 or 4 days a week at the 
rate of 1,000 cubic meters per day using high 
volume samplers. 

After each 20-hour sampling period, the filter is 
removed and shipped via airmail to the Seccién 
de Radioactividad Ambiental, CNEN, in México, 
D.F., for assay of gross beta radioactivity, allowing 
a minimum of 3 to 4 days after collection for the 
decay of radon and thoron daughters. The data 
are not extrapolated to the time of collection. 
Statistically, it has been found that a minimum 
of five samples per month was needed to get a 
reliable average radioactivity at each station (6). 


Table 6. 


Mexican gross beta radioactivity of airborne 
particulates, October 1970 





Gross beta radioactivity 
(pCi/m*) 


Acapulco | 
BE . 
Ciudad Juarez 

I asinchisi-ch aettinddiriieeh do oe 


Guadalajara__.........._- 


SS 
Nuevo Laredo 





San Luis Potosi__......-.-- 
Tampico- 
Torreon 





NS, no sample, station temporarily shutdown. 
NA, no analysis. 


October 1971 


Table 7. 


Mexican gross beta radioactivity of airborne 
particulates, November 1970 


Gross beta radioactivity 
— , (pCi/m*) 
Station location 


Maximum | Minimum | Average 


Acapulco 
Chihuahua 
Ciudad Juarez 
Ensenada 


Guadalajara 
RE 
J 5 ea 


Mazatlan 
Mérida_ .- 
México, D.F._- 
Nuevo Laredo 


San Luis Potosi 
Tampico 
Torreon 





® Average not calculated. 
NS, no sample, station temporarily shutdown. 


Table 8. 


Mexican gross beta radioactivity of airborne 
particulates, December 1970 


Gross beta radioactivity 
= ; (pCi/m*) 
Station location } 


|samples| 
| Maximum | Minimum 


Average 





Acapulco ; 
a 
Ciudad Juarez 

Ensenada 


eee 
REECE ee 
La Paz___. a 
eae 


Mazatlan 

| aa 
México, D.F._---- 

Nuevo Laredo- - 

San Luis Potosi_.........- 
Tampico. 

Torreén__ 

Veracruz 


NS, no sample, station temporarily shutdown. 
NA, no analysis. 


The maximum, minimum, and average beta 
radioactivity in surface air during August through 
December 1970 and January 1971 are presented 
in tables 4 through 9. 





Table 9. Mexican gross beta radioactivity of airborne 
particulates, January 1971 





Gross beta radioactivity 
: : (pCi/m*) 
Station location 





Maximum} Minimum | Average 
| 





Acapulco ‘ | 0.18 
Chihuahua 93 .07 .37 
Ciudad Juarez 

eee | 


pO ee 


Mazatlan 

Mérida 

ce ane | 
Nuevo Laredo } 





San Luis Potosi___..._---- | 
Tampico. ------ 

Torreén__ 

Veracruz 








« Average not calculated , 
NS, no sample, station temporarily shutdown. 
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SECTION IV. OTHER DATA 


This section presents results from routine sam- 
pling of biological materials and other media not 
reported in the previous sections. Included here 


are such data as those obtained from human bone 
sampling, Alaskan surveillance, and environ- 
mental monitoring around nuclear facilities. 





Environmental Levels of Radioactivity at Atomic Energy 


Commission Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors semiannual reports 
on the environmental levels of radioactivity in the 
vicinity of major Commission installations. The 
reports include data from routine monitoring pro- 
grams where operations are of such a nature that 
plant environmental surveys are required. 

Releases of radioactive materials from AEC 
installations are governed by radiation standards 


set forth by AEC’s Division of Operational Safety 
in directives published in the “AEC Manual.’ 

A summary of the environmental radioactivity 
data follows for the Lawrence Radiation Labora- 
tory. 


1 Title 10, Code of Federal Regulations, Part 20, ‘“‘Stand- 
ards for Protection Against Radiation’’ contains essentially 
the standards published in Chapter 0524 of the AEC 
Manual. 





1. Lawrence Radiation Laboratory’ 


July-December 1970 


University of California 
Berkeley, Calif. 


Berkeley site 


The Berkeley site of the Lawrence Radiation 
Laboratory (LRL) is situated on the western slope 
of the range of hills running along the eastern 
side of San Francisco Bay. The laboratory area is 
largely separate from the main campus of the 
University (figure 1). 

To the north and south of the laboratory area 
are residential areas of the cities of Berkeley and 
Oakland. The Berkeley campus of the University 
of California is on the west; to the east, are the 
Lawrence Hall of Science and the Space Sciences 
Laboratory, beyond them lies uninhabited water- 
shed land and the Tilden Regional Park. 

The most prevalent wind direction is westerly. 
During the summer months, the afternoon sea 


2Summarized from ‘‘Results of Environmental Radio- 
activity Sampling Program, July-December 1970,’’ Lawrence 
Radiation Laboratory, Livermore and Berkeley, Calif. 94720. 
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Figure 1. Environmental sampling locations at 
Berkeley site, Lawrence Radiation Laboratory 


breeze establishes a very pronounced prevailing 
westerly wind direction. At other times, the di- 
rection is less predictable. Annual rainfall is 23 
inches, almost all of which falls between November 
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1 and May 1. The prevailing wind direction dur- 
ing precipitation is southerly. 

The laboratory carries on a wide ranging pro- 
gram of general research in the fields of both 
physical and biological sciences. Facilities include 
a number of large accelerators, and various physics, 
chemistry, biology, and medical research labora- 
tories. 

The basic policy at LRL has long been to pre- 
vent, as far as possible, any release of radioactive 
material to the environment, no matter how small. 
No deliberate releases are sanctioned, except where 
no practical method for containment has yet been 
developed, and quantities are small compared 
with standards established by the International 
Commission on Radiological Protection (ICRP) 
and the Atomic Energy Commission (AEC). 

The most sensitive measurements of releases 
are those taken closest to the source itself, before 
dilution makes detection of small quantities more 
difficult. The stack sampling program, therefore, 
provides the most useful information for con- 
trolling releases to the atmosphere. Over 100 
separate exhausts from hoods and glove-box mani- 
folds are sampled. The total quantity released 
from these stacks during July-December 1970 was 
300 nCi of alpha radioactivity, 420 mCi of car- 
bon-14, 18.3 curies of tritium and 53 uCi of other 
beta-particle emitters. The average concentrations 
in the total exhaust, before any dilution by the 
atmosphere, was 25 percent of the maximum per- 
missible concentrations for offsite breathing zone 
air, as given by the ICRP. 

In addition to the careful sampling of stacks, 
an environmental air sampling program is also 
carried on to make sure no undetected releases 
occur. These samples provide a direct measure- 
ment of possible exposure to the nearby popu- 
lation. The sampling stations designated ‘‘local 
area” are scattered around the site and provide 
samples of the atmosphere on the site itself. The 
“perimeter” samples are taken at the boundary 
line of University property, in the direction of 
populated areas. From the results of these samples, 
there appears to have been no significant exposure 
from radioactive materials released by LRL. The 
levels of radioactivity observed in each type of 
sample are presented in table 1. 

At each of these environmental stations, rain or 
dry fallout is also collected. Open 15-inch-diameter 
polyethylene bags form the collecting vessel. If no 
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Table 1. Atmospheric monitoring, LRL Berkeley site 


July-December 1970 





Average concentration 
(pCi/m’) 





(number of | of Alpha 


t \' Beta 
locations) samples radioactivity 


Sampling locations | Number | _ 
| radioactivity 


| | 

| Maxi- Aver- | Maxi- 

F mum | mum 
| 





Local area (10)_----- 258 0.000 | 
Perimeter | | 
A: 


.000 ° 5 | 15 
.000 005 .16 
: .000 -005 | -16 
D:.. : .000 -005 .19 
Summary...-.-------- 9¢ .000 | -005 | .16 








rain has fallen, the bags are rinsed out with water 
to obtain a sample. Since on the average, the more 
remote perimeter stations show about the same 
radioactivity as the nearer ones, the radioactivity 
does not result from laboratory operations. The 
radioactivity levels in samples collected at each 
location are summarized in table 2. 


Table 2. Total deposition, LRL Berkeley site 
July-December 1970 





| 
| | 
Sampling locations | Number 
(number of of 
locations) samples | 


Average deposition 
(nCi/m?) 





Alpha Beta 
radioactivity radioactivity 


Local area (10)-_----- 54 | 0.008 0.046 
Perimeter (4) 24 .000 .019 





All liquid waste known to be radioactive is col- 
lected, solidified, and shipped away. Other liquid 
wastes are discharged directly to the municipal 
sewer system. Occasionally, small quantities of 
radioisotopes are accidentally released to the sewer 
system. There are two outfalls, each of which is 
monitored by a continuous proportional sampling 
system to insure that no significant quantities 
have been discharged (table 3). The total concen- 
tration (alpha-plus-beta radioactivity) in sewage 
is only 31 percent of the standard for drinking 
water and therefore does not constitute an expo- 
sure threat. 

The storm drainage from the laboratory flows 
into the surface stream system. These surface 
streams are exposed as they run through the Uni- 
versity property and are sampled at three places. 
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Table 3. Summary of sewer data, LRL Berkeley site, July-December 1970 





Total quantities discharged 6 months 


| : : 
Net concentrations 
| (pCi /liter) 





Total 


Sewer | 
volume 


Total alpha 
radioactivity 
(uCi) (mCi) 


Total beta 
radioactivity 





Strawberry - - - - - 





| mange Alpha Beta 


°o eres hs) See Se ees eel ae a 


samples 


Average Maximum 


Average Maximum 


0.09 
-06 





Summary 





0.09 





Results are listed as ‘‘onsite streams” in table 4. 
Two nearby offsite streams are also sampled to 
provide a comparison. All concentrations are less 
than the standard for drinking water. The results 
from the water sampling program are presented 
in table 4. 


Table 4. Water monitoring, LRL Berkeley site 


July-December 1970 





Concentration 
(pCi/liter) 





Type and source 


Alpha Beta 
of sample 


radioactivity | radioactivity 





Aver- | Maxi- Aver- Maxi- 


age | mum age mum 





Surface water: 
Onsite streams 
Blackberry 
Lower 
Strawberry - - --| 
Upper 
Strawberry - - -- 





ee 
Summary__ | 
Tap water - - - -- 








Neutron and gamma-ray fields are measured at 
each of the four perimeter stations as well as at 
several locations within the site. Background meas- 
urements are obtained from a leased building used 
as a low-level counting room in downtown 
Berkeley. This building is remote from the main 
LRL site and measurements are not influenced by 
accelerator operations. 

At each station, gamma measurements are made 
by a recording G-M detector, standardized with a 
calibrated radium source. These instruments oper- 
ate unattended and each can operate for 1 week 
on its internal battery should external power fail. 

Several neutron detectors are employed at each 
station. The primary detector is a BF; gas pro- 
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portional counter in a 21 inch-thick paraffin-lined 
moderator. This detector is sensitive in the region 
from 0.1 to 20 MeV, where 75 percent of the bio- 
logically significant neutrons exist. A polyethylene- 
lined proton recoil neutron detector provides a 
measure of the energy flux density. The ratio of 
energy flux density to neutron flux density gives 
the average neutron energy which allows conver- 
sion of the data to dose in rems. Cobalt disks in 
moderators are maintained as long term integrat- 
ing neutron monitors at many sites throughout 
the laboratory as well as at each perimeter station. 

Cosmic ray intensity is continuously monitored 
by a meson detector with an effective angle of 
acceptance of 2.3 steradians (in the upward di- 
rection). This provides information on the back- 
ground neutron levels contributed by cosmic rays. 

At each station, total radiation levels are well 
below the standards set for the general public by 
the ICRP and National Council on Radiation 
Protection and Measurements (NCRP). Results 
are presented in table 5. 


Table 5. Beta-gamma and fast neutron surveillance 
results, Berkeley site, July-December 1970 


Total beta-gamma 
exposure (mrem) 
(background subtracted) 


Total fast neutron 
exposure®* (mrem) 
(background subtracted) 


Station 


54.5 
28.4 
Background 
22.5 


Background 
ae = ; 
Downtown 

Berkeley b) b) 


82.45 X 107n/cem? = lrem. 
> Detector not in service. 


Livermore site 


The Livermore site of LRL (figure 2) is located 
in the Livermore Valley midway between the 
Pacific coast and the San Joaquin Valley in 
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Figure 2. Environmental sampling locations at the 
Livermore site, Lawrence Radiation Laboratory 


northern California, approximately 50 miles south- 
east of San Francisco. Shielded from the ocean by 
the western hills, the Livermore Valley has a warm, 
dry climate. Annual rainfall is about 14 inches 
with most of the precipitation occurring during 
the winter months. Prevailing winds are from the 
west, but inversions are frequent during the night. 

Agriculture is the principal activity in the 
Livermore Valley. Roses, grain, hay, and grapes 
are the major products. Several cattle and sheep 
ranches surround the Livermore site. 

The Livermore site comprises an area of 1-square 
mile, approximately 3 miles east of the city of 
Livermore. Livermore and Pleasanton, with a 
combined population of 45,000 are populated areas 
of primary interest to the Livermore site. 

An environmental sampling program is main- 
tained to provide information regarding the ef- 
fectiveness of control measures and to determine 
whether any radiological changes in the environ- 
ment are the result of laboratory operations. The 
sampling program includes air particulates, soil, 
domestic water, sewer effluent, sewage plant prod- 
ucts, milk, and vegetation. The milk samples are 
obtained from one dairy in the Livermore Valley 
and from another dairy near Site 300. 


Techniques 


The LRL Environmental Program is currently 
undergoing a significant upgrading. This upgrading 
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will greatly improve the analytical sensitivities in 
order to determine actual background levels of 
specific radionuclides in the environment. During 
the transition period, the program will consist of 
two parts, (1) the gross radioactivity measure- 
ments similar to those made in the past, and (2) 
the special measurements designed to measure 
the activity of specific radionuclides in environ- 
mental samples at background levels. 

The analytical techniques used in the above 
measurements are provided below: 


1. Gross radioactivity measurements: 


An automated counting system is used for all 
environmental air samples. This system utilizes 
gas-flow proportional detectors for both alpha- and 
beta-particle counting. The alpha-particle detector 
is approximately 20 percent efficient for the 5.1 
MeV alpha of plutonium-239. The efficiency for 
the 0.54 MeV and 2.27 MeV betas of strontium-90 
in equilibrium with yttrium-90 is about 28 percent. 

Soil, water, and sewage samples are counted on 
an automatic low-background system that detects 
alpha particles with an efficiency of about 34 per- 
cent at 5.1 MeV and strontium-yttrium-90 beta 
particles with an efficiency of approximately 50 
percent. 

The milk samples are concentrated using a 
vacuum-operated, foam-entrainment evaporator 
so that about 9 liters of whole milk are condensed 
to 2 liters by evaporation. The sample is counted 
in a plexiglass container placed between two 8- by 
4-inch Nal(T1) crystals. The data are recorded in 
a multichannel analyzer and processed by a com- 
puter code using standard spectra taken on the 
same counting apparatus. 

The vegetation samples taken from nine loca- 
tions throughout the Livermore Valley are dried 
in ambient air for about 1 week. Then 150-200 
grams of dry material are pressed into a pellet 5 
inches in diameter by 1% to 1 inch thick. The 
pellet is then counted on the system described for 
milk. The data are also processed by computer. 

Samples of environmental water, milk, and 
vegetation are analyzed for tritium. One milliliter 
of water or distillate is counted in a liquid scintil- 
lation counter having a 32 percent efficiency for 
HTO. 

The soil samples are prepared by digesting 1 
gram of material in a mixture of perchloric and 
nitric acids and evaporating to near dryness. The 
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resulting residue is redissolved in a hydrogen 
peroxide and nitric acid mixture and subsequently 
plated onto stainless-steel plates. The water and 
sewage samples, of 1% liter volume, are treated 
similarly. 


2. Special measurements: 


Soil samples are subjected to either a complete 
acid dissolution or the HASL? leach technique for 
plutonium-239 and strontium-90 determinations. 
A minimum of 100 grams of soil is used for these 
analyses. The cesium-137 activities in soil samples 
are determined directly by placing approximately 
300 grams of soil on GeLi detector equipped with 
background and Compton suppression systems. 

The water samples that are analyzed for tritium 
activity are pretreated by vacuum distillation 
under an argon atmosphere, enriched 75 fold 
electrolytically and counted by a liquid scintil- 
lation detector. 

The air and water samples are subjected to 
gross alpha and gross beta measurements. Even 
though the analyses of these samples indicate that 
iodine-129, actinium-227, radium-226, and radium- 
228 are not present, the average gross alpha ac- 
tivities still may not exceed the AEC standards 
for air and water for controlled and uncontrolled 
areas. Since the alpha emitters have already been 
accounted for in the gross alpha measurements, 
the average gross beta radioactivity of the samples 
may not exceed the AEC standards for air and 
water for controlled and uncontrolled areas. The 
AEC Manual Chapter 0524 also states that the 
average tritium activities in offsite water samples 
may not exceed 3 uCi/liter. 

The average monthly alpha and beta radioactiv- 
ity of sewage effluent samples should not exceed the 
guide value of 400 pCi/liter (AEC standard for 
water in a controlled area), and the tritium ac- 
tivity should not exceed 10° pCi/liter. 

The annual external radiation dose to the whole 
body of workers in controlled areas may not exceed 
5 rem; while that to individuals in uncontrolled 
areas may not exceed 170 mrem. 

Air and soil samples are collected to ascertain 
that control efforts are restricting the release of 


3 HASL-Health and Safety Laboratory, U.S. Atomic 
Energy Commission. 
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radioactivity from the laboratory to levels that 
do not exceed the permissible levels for the neigh- 
borhood around an atomic energy facility. The 
water samples are collected to ascertain that radio- 
activity is not entering the underground water 
supply which provides most of the domestic water 
for the cities of Livermore and Pleasanton, the 
sole supply for ranches in the Livermore and 
Amador Valleys. Samples were taken at the Liver- 
more Sewage Disposal Plant to establish that 
liquid effluent from the laboratory is not con- 
tributing significant radioactivity to the dried 
sludge or liquid effluent produced. The dried sludge 
is used as an agricultural soil conditioner. Some 
liquid effluent released to the Los Positas Arroyo 
is used for irrigation of the golf course turf and 
some agricultural land. 

Air particulate samples were collected continu- 
ously at 15 sampling stations. The samplers situ- 
ated on the laboratory perimeter utilize 80 square 
inch Whatman filters at an average flow rate of 
25 cfm. The remaining samplers utilize 36 square 
inch HV-70 filters at an average flow of 4 cfm. 
Filters are changed weekly during the winter 
months and biweekly during the summer to avoid 
excessive mass loading. The results are shown in 
table 6. 

At no time was any detectable alpha radio- 
activity observed on the air filters. The average 
airborne beta radioactivity was 0.1 pCi/m*; about 
the same as that reported during the previous 6 
months. 

Soil samples were collected quarterly. Only the 
top 1 cm layer was collected at the 19 sampling 
locations in the Livermore Valley. The alpha 
radioactivity of each sample was less than the 
limit of detection (1.5 pCi/g). The beta radio- 
activities fluctuated from 4.7 pCi/g to 15 pCi/g 
with an average of 7.5 pCi/g. The limit of de- 
tection is 3.5 pCi/g. The radioactivity detected is 
within the normal range for soil in the Livermore 
Valley, as determined from surveillance during 
previous years. 

Additional soil samples were collected onsite 
and offsite within a 4-square-mile area immediately 
east of the Livermore Laboratory. These samples 
were subjected to plutonium-239, strontium-90 or 
cesium-137 determinations. The first seven samples 
shown in table 7 were analyzed by complete acid 
dissolution of the soil while the remaining samples 
were subjected to the HASL acid leach technique 
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Table 6. Airborne particulate radioactivity around LRL Livermore site 
July-December 1970 





Number of 
Sampling location samples 





Alpha radioactivity* | Beta radioactivity® 


i/m?) 


| (fCi/m*) 





| Average 





WAIAIAIAIA 





eres a 


IAIAIAIAIAIA IA IA IATA 


_ 


Maximum | Average Maximum 





NWI 
es 
COOh Rm 





et et et 


IAIAIAIA IATA IAIATA 


_ 











a Approximate limits of sensitivity: Alpha—locations 1, 2, 12-15—4 fCi/m!. 

locations 3-11, 16—1.0 fCi/m’. 

Beta—locations 1, 2, 12—-15—4 fCi/m3. 

locations 3-11, 16—10 fCi/m?. 

Estimated counting error limits: alpha radioactivity +30 percent; beta radioactivity +20 percent. 


b Sampler is being relocated. 


Table 7. Radioactivity in soil samples, July-December 1970 





Location Depth 
(inches) 





Average concentration 
(dpm /g) 





| 
| 


Wc cconcus ? 
Offsite 


Offsite - - - 
Offsite 





Plutonium-239 


2.4X1072+ 5% 


.8X107°+ 6% 
2.3X10-3413% 


2.8 107-3+16% 


8X 1077 +26% 
3.7X1074+20% 


3.8X1073+19% 
9.0X10-4*+ 9% 


.2X10-3+10% 
3.9X10-3+ 5% 
2.8X10-3+ 6% 
2.5X107-3+ 6% 

.6X 10-4 411% 


Cesium-137 Strontium-90 


0.099+11% 

.061+18% 

081 +22% 077+ 7% 

-063 427% .082+ 7% 

| 050 +32% -055 414% 

= .03 -045414% 
| 





® Adjacent to area used for solar evaporation of radioactive liquids. 


for plutonium-239 determination. Each sample was 
collected over a 10 square-inch surface area. 
Domestic water samples were collected monthly 
from 10 nearby sources. No sample showed an 
alpha radioactivity above the limit of detection 
(1.2 pCi/liter). The gross beta radioactivities are 
shown in table 8. 
The limit of detection for gross beta radio- 
activity is 2.5 pCi/liter. The tritium activity of 
the water samples fluctuated from below the limit 
of detection (3.5 nCi/liter) to 5.4 nCi/liter. The 
average tritium activity was <3.6 nCi/liter. 
Several water samples were collected weekly 
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Table 8. Beta radioactivity in domestic water supplies 
LRL Livermore site, July-December 1970 


: Beta radioactivity 
Dosimeter } (pCi/liter) 
location 


Maximum 


tom ton 
IAIAIA 


NNwWNN KF NwNNN& 


0...... = 
Building 253_ - - - 
Building 419_ 


NON Ore Oe ONTO 


Crorcrgy 


AIA 
IAIAIA 





a The limit of detection for gross beta radioactivity is 2.5 pCi/liter. 
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during the months of July, August, and September 
from the city of Livermore and Site 300 wells, as 
well as other miscellaneous sources of drinking 


Table 9. Tritium radioactivity in water 
LRL Livermore, July-December 1970 





Livermore Site 300 





Well 
number 


Tritium 
(pCi/liter) 


19+19 
22+10 
25+18 
75+15 
72+13 
17+14 
39+12 
74415 
80+17 


Well 
number 


Tritium 
(pCi /liter) 











water in the ir. »ediate vicinity of the laboratory. 
The weekly samples collected at a particular 
source were composited into a single sample 
from that source. Tritium results are shown in 
table 9. 

Samples were collected daily at the laboratory 
sewer discharge. A portion of each of these daily 
samples were composited during each month. 
These monthly composite samples for the radio- 
nuclides analyzed are shown in table 10. 

When the sewage from the laboratory and city 
of Livermore enters the sewage disposal plant, 
the liquid and sludge are separated, and the sludge 
passes into one of two digesters where it is broken 
down by bacterial action. Methane gas is evolved 
and burned and the remaining sludge is released 
to large, sludge lagoons and/or drying beds and 


Table 10. Radioactivity in laboratory sewer effluent samples July-December 1970 





Alpha 
radioactivity 
(pCi/liter) 


Beta 
radioactivity 
Month (pCi/liter) 


(1970) 





Maximum Average Maximum Average 





| 1,040 
1,724 


Oe 
SH or 


September-_-_---- 
October 
November---- - - - 
December 


NOonnn 


= 
Nos 


Maximum 


Radium-226 
(fCi/liter) 


Tritium 
(nCi/liter) Strontium-90 


itiu Radium-228 | Mixed iodine 
(pCi/liter) 


(pCi/liter) | (pCi/liter) 


Average 





to 


= 


maT ie DO OF 


CN ee Ob 
oe iS 


iw) 


| 
| 
| 





Table 11. 


Radioactivity in samples from the Livermore sewage disposal plant, July-December 1970 





Radioactivity, units of 
measurement and location 








of sampling 








November December 





Gross alpha (pCi/liter) 
Digesters: 
Maximum 


Aeration tank: 
Maximum 
Average 

Effluent: 
Maximum 


Gross beta (pCi/liter) 
Digesters: 
Maximum 


Aeration tank: 
Maximum 
Average_ 

Effluent: 
Maximum 
Average_ 

Tritium (nCi/liter) 

Aeration tank: 
Maximum 
Average- 

Effluent: 
Maximum 


Strontium-90 (pCi/liter) 
Effluent: 
Average 


wow 
wow 


IAIA IAIA 


IAA AIA 


wow 


lA 





NA, no analysis. 
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retained for subsequent possible use as a soil 
conditioner. The purified water is used on the 
Livermore golf course and agricultural irrigation 
on a nearby farm; the excess is discharged into 
the Los Positas Arroyo. Samples were collected 
weekly from the aeration tanks, each digester, 
and the effluent to the arroyo. The results of 
these analyses are given in table 11. The limits of 
detection are 1.2 pCi/liter for the gross alpha 
radioactivity, 2.5 pCi/liter for the gross beta 
measurements, 3.5 nCi/liter for the tritium de- 
terminations, and 0.4 pCi/liter for strontium-90. 

Samples were collected monthly from each of 
two dairies in the Livermore Laboratory and Site 
300 areas. The average radioactivity in the milk 
samples is shown in table 12. 


Table 12. Radionuclides in milk, LRL 


July-December 1970 





Concentration 
(pCi/liter) 
Location of dairy a A SNe ee 
Cerium-144 


Cesium-137 Tritium 


3 miles north of 
Site 300___- 
6 miles west of 
Livermore Laboratory-- 


=3,500 


=3,500 





Samples of vegetation were collected during July 
and October of 1970; the radioactivity per unit 
dry weight of unwashed grass samples and 
eucalyptus leaf samples is shown in table 13. A 
portion of each sample was freeze dried and the 
water collected was analyzed for HTO. 

Continuous air sampling is maintained on the 
stack effluent from operations that are potential 


Table 13. 


sources of radioactive material releases. These fa- 
cilities include hot cells, transuranic chemistry, 
plutonium metallurgy, and the reactor building. 
The effluent from these buildings passes through 
high-efficiency filters prior to being exhausted to 
the atmosphere. The offsite concentrations were 
not exceeded as a result of the stack effluent from 
these facilities. 

The measurement of low-level gamma radia- 
tion was accomplished with thermoluminescent 
dosimeters at nine points on the site perimeter 
and at three offsite locations. The dose received 
by each detector during the 6-month period is 
shown in table 14. The limit of detection of these 
dosimeters is 10 mR. 


Accidential release of tritiwm gas 


Continuous air sampling is also maintained on 
the stack effluent from the gaseous chemistry 
Building. On August 6, 1970, an accidental release 
of tritium gas occurred from this facility. During 
the following 4 days, an extensive environmental 
sampling program was conducted to evaluate the 
effects of the release on the environment. The vast 
amount of environmental data that was obtained 
is too voluminous to report here and will be re- 
ported shortly in a separate publication. 

The limits of detection for tritium is 5 nCi/liter 
of water and 40 pCi/m of air. The data indicate 
that no significant exposure to onsite or offsite 
individuals resulted from the release. Detectable 
activities were observed in some vegetation and 
atmospheric water vapor samples. However, even 
the highest measured concentrations, as well as the 


Radioactivity in vegetation, LRL Livermore site, July-December 1970 





Nuclide 


Beryllium-7 
Manganese-54__ 
Zirconium-95___- -- 
Ruthenium-103___-- 
Ruthenium-106 
Antimony-125__ 
Cesium-137 - 
Barium-140 
Cerium-144_ 


Concentration 
(pCi/g dry weight) 





Limit of 
detection 


Eucalyptus leaves 








Tritium (nCi/liter) - - _- 
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14. External gamma radiation measurements 
LRL Livermore site, July-December 1970 





Exposure» 
(mR) 


Dosimeter locations*® | 








* Locations 1-9, controlled area perimeter. Locations 10, 11, and 12, 
uncontrolled area. 
> Minus backgroud. 


calculated maximum credible ground level air 
concentration, that could have resulted during 
cloud passage were well below the offsite maximum 
permissible concentration for continuous exposure. 


Site 300 


The high explosive test area at Site 300 (figure 
3) covers 10-square miles in the hills, in a very 
sparsely populated ranching area about 15 miles 
southeast of Livermore and 8 miles southwest of 
Tracy. The chief area of concern for Site 300 is 
Tracy with a population of about 15,000. Air and 
water samples are taken to determine whether 
operations at Site 300 are changing the normal 
radioactivity levels in the vicinity. The 11 air 
samplers at Site 300 are operated on a continuous 
basis at about 25 cfm and the filter papers are 


Table 15. 


— 





LRL 
SITE 300 





Legend 
® Air Sampling Location 
@ Water Sampling Location 
A Soi! Sampling Location 








| 
= 


Figure 3. Sampling location at Site 300, LRL 


changed weekly. Most of these air samplers are 
located within the boundaries of the test site due 
to unavailability of electric power facilities offsite. 
Table 15 gives the airborne particulate radio- 
activity for July-December 1970. Water samples 
are collected monthly from onsite wells. Streams 
in the area are sampled when they contain water 
(usually during the winter). No sample showed an 
alpha radioactivity concentration above the limit 
of detection (1.2 pCi/liter). The average beta 
concentrations are given in table 16. The tritium 
activities of the water samples fluctuated from 
below the limits of detection (3.5 x 10* pCi/liter) 
to a high of 8.6 x 10’ pCi/liter. The average 
tritium activity was <3.8 x 10* pCi/liter. 


Airborne particulate radioactivity, LRL Site 300, July-December 1970 
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* Limit of detection: alpha radioactivity, location 1-6, 8-11, 0.2 fCi/m; location 7, 1.0 f{Ci/m!; beta radioactivity, 


location 1-6, 8-11, 2 f{Ci/m3; location 7, 10 fCi/m3. 


Variations in limits of detection results from differing flow rates. Estimated counting error limits, alpha radio- 


activity +30 percent; beta radioactivity +20 percent. 
b Sampler inoperative for several weeks. 
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Table 16. Beta radioactivity in water samples, LRL 


Site 300, July-December 1970 
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Soil samples were collected quarterly at nine 
offsite locations. The alpha radioactivity was 
below the limit of detection (1.5 pCi/g). The beta 
radioactivity ranged from the limit of detection 
(3.5 pCi/g) to 15 pCi/g, with an average activity 
of 5.9 pCi/g. 


None of the average concentrations of air, water, 
and soil samples exceeded the concentration guide 
levels of environmental radioactivity, nor did any 
of the results increase significantly compared to 
the previous 6-month reporting period. Therefore, 
it appears that radiological control measures at 
Site 300 were adequate and that no significant 
radioactivity was released to the environment near 
the site during this period. 
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Reported Nuclear Detonations, September 1971 


(Includes seismic signals presumably from foreign nuclear detonations) 


Seismic signals from a Soviet underground nu- 
clear explosion in the range of 2 to 4 megatons 
were recorded by the United States. The signals 
originated at approximately 2:00 a.m., EDT, 
September 27, 1971, at the Novaya Zemlya 
nuclear test area in the Arctic. 

The signals from this test were almost as large 
as those of the 3 to 6 megaton test conducted at 
Novaya Zemlya by the U.S.S.R. last year on 


October 14. 

The U.S Atomic Energy Commission announced 
only one underground nuclear test for September 
1971. This nuclear test was in the low yield range 
of less than 20 kilotons TNT equivalent. It was 
conducted on September 29, 1971, at the U.S. A- 
tomic Energy Commission’s Nevada Test Site in 
the Yucca basin, 1,240 feet below the desert 
floor. 





Not all of the nuclear detonations in the United States are announced im- 
mediately, therefore, the information in this section may not be complete. A 
complete list of announced U.S. nuclear detonations may be obtained upon 
request from the Division of Public Information, U.S. Atomic Energy Com- 


mission, Washington, D. C. 20545. 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished below 
in reference card format for the convenience of readers who may wish to clip 
them for their files. 


A JOINT X-RAY RADIATION SURVEY IN PUERTO RICO, 1968. 
Michael Gileadi. Radiological Health Data and Reports, Vol. 12, October 1971, 
pp. 495-499. 


The objectives, scope, and methods used in the 1968 Joint Radiation Survey 
Project, sponsored jointly by the Puerto Rico Nuclear Center and by the 
Department of Health of the Commonwealth of Puerto Rico, are described. 
The most significant results concerning the western and southern regions of the 
Island are presented. Most of the three quantifiers (mean gonadal dose, per 
capita per annum gonadal dose, and genetically significant dose) were smaller in 
the southern region than those in the western region. 


KEYWORDS: Puerto Rico, radiation, survey, x ray. 
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GUIDE FOR AUTHORS 


The editorial staff invites reports and technical notes 
containing information related to radiological health. 
Proposed reports and notes should contain data and 
interpretations. All accepted manuscripts are subject 
to copy editing with approval of the author. The author 








is responsible for all statements made in his work. 


Manuscripts are received with the understanding that 
other identical manuscripts are not under simultaneous 
consideration nor have appeared in any other publica- 
tion. 


The mission of Radiological Health Data and Reports 
is stated on the title page. It is suggested that authors 
read it for orientation of subject matter. 


Submission of manuscripts 


Send original and one legible copy of the paper, typed 
double-spaced on 8% by 11-inch white bond with 1-inch 
margins. 


Submitted manuscripts should be sent to Editor. Redi- 
ological Health Data and Reports, EPA, Office of Radia- 
pod Programs, Parklawn 18 B-40, Washington, D.C. 

0. 


Preparation of manuscripts 


The Government Printing Office style manual is used 
as a general guide in the preparation of all copy for 
Radiological Health Data and Reports. In addition, 
Radiological Health Data and Reports has developed a 
“Guide” regarding manuscript preparation which is 
available upon request. However, for most instances, 
past issues of Radiological Health Data and Reports 
would serve as a suitable guide in preparing manuscripts. 


Titles, authors: Titles should be concise and informa- 


tive enough to facilitate indexing. Names of authors 
should appear on the third line below the manuscript 
title. Affiliation of each author should be given by a 
brief footnote including titles, professional connections 
at the time of writing, present affiliation if different, 
and present address. 


Abstracts: Manuscripts should include a 100- to 150- 
word abstract which is a factual (not descriptive) sum- 
mary of the work. It should clearly and concisely 
state the purpose of the investigation, methods, results 
and conclusions. Findings that can be stated clearly 
and simply should be given rather than to state that 
results were obtained. 


A list of suggested keywords (descriptors) which are 
appropriate indexing terms should be given following 
the abstract. 


Introductory paragraph: The purpose of the investi- 


gation should be stated as early as possible in the 
introductory paragraph. 


Methods: For analytical, statistical, and theoretical 
methods that have appeared in published literature a 
general description with references to sources is suffi- 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both old and 
new methods, materials, and equipment, should be 
described clearly enough so that limitations of measure- 
ments and calculations will be clear to the readers. 
Errors associated with analytical measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs whenever possible. 








Illustrations: Glossy photographic prints or original 
illustrations suitable for reproduction which help en- 
hance the understanding of the text should be included 
with the manuscript. Graphic materials should be of 
sufficient size so that lettering will be legible after 
reduction to printed page size (8% by 6% inches). 


All illustrations should be numbered and each legend 
should be typed double-spaced on a separate sheet of 
paper. Legends should be brief and understandable 
without reference to text. The following information 
should be typed on a gummed label or adhesive strip 
and affixed to the back of each illustration: figure 
number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 


supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively beginning with 1, and 
each must have a title. 


Equations: All equations must be typewritten, prefer- 


ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be clearly 
positioned. Mathematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, etc. 


Symbols and units: The use of internationally ac- 


cepted units of measurements is preferred. A brief 
list of symbols and units commonly used in Radiological 
Health Date and Reports is given on the inside front 
cover of every issue and examples of most other matters 
of preferred usage may be found by examining recent 
issues. Isotope mass numbers are placed at the upper 
left of elements in long series or formulas, e.g., 137Cs; 
however, elements are spelled out in text and tables, 
with isotopes of the elements having a hyphen between 
element name and mass number; ¢.g., strontium—90. 


References: References should be typed on a sepa- 
rate sheet of paper. 


Personal communications and unpublished data 
should not be included in the list of references. The 
following minimum data for each reference should be 
typed double-spaced: names of all authors in caps, 
complete title of article cited, name of journal abbrevi- 
ated according to Index Medicus, volume number, first 
and last page numbers, month or week of issue, and 
year of publication. They should be arranged according 
to the order in which they are cited in the text, and not 
alphabetically. All references must be numbered con- 
secutively. 


Reprints 

Contributors are ordinarily provided with 50 courtesy 
copies of the articles in the form of reprints. In cases 
of multiple authorship, additional copies will be pro- 
vided for coauthors upon request. 
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